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1 INTRODUCTION 
An understanding of riverbed scouring during a 
flood is a major research topic for the riverbed regu-
lation in the civil and hydraulic engineering. Hunt 
(2009) noted that 58% of 1502 documented bridge 
failures in the United States between 1966 and 2005 
were caused by scour. 
Figure 1 shows the typical types of scour in a riv-
er. A natural river can be divided into a perennial, 
ephemeral, and intermittent river according to the 
hydrograph feature (Stringer et al., 1998; Svec et al., 
2005). Due to the effects of geography and hydrolo-
gy, most of the rivers in Taiwan are intermittent riv-
ers with a great disparity discharge and high sedi-
ment transport capacity (Su and Lu, 2016). Su and 
Lu (2013, 2016) used the numbered-brick method to 
measure the maximum short-term general scour (dgs) 
during monsoon- or typhoon-induced floods for 
steep intermittent rivers (S0= 0.1%~ 1.1%) in Tai-
wan. Further, Su and Lu (2013, 2016) indicated that 
the dgs value is usually extreme in the range= 1.2 
m~6 m, especially for a gravel-bed reach with a wide 
gradation in the bed material. However, these field 
data of dgs for the intermittent rivers in Taiwan were 
much greater than those in perennial rivers  and 
ephemeral rivers in the literature (Su and Lu, 2016). 
The main channels in intermittent rivers in Tai-
wan were significantly incised after bed degradation/ 
long-term general scour (Su and Lu, 2013; 2016). 
Moreover, there is the potential for short-term gen-
eral scour caused by the increasing vertical-mixing 
of flow during a flood. Extreme flood events with a 
high discharge and long duration to peak have a 
gradually increasing probability due to the hydrolog-
ical factor in response to global warming in the 
world (Kunkel et al., 2013; Emanuel, 2013). 
Figure 1. Typical types of scour in a river. 
 
Su and Lu (2013) indicated that the extreme 
short-term general scour can be considered as a natu-
ral hazard event. Several bridge and embankment 
failure events were caused by hydraulic scour in the 
intermittent rivers in Taiwan, for example: (1) the 
Pier 2 collapse of the Houfeng Bridge in the Dachia 
River at flood peak during Typhoon Sinlaku in 2008, 
causing 6 deaths and the loss of 3 vehicles into the 
flood (Hong et al., 2012; Su and Lu; 2013); (2) the 
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collapse of Piers 5 to 16 of the Shuangyuan Bridge 
in the Kaoping River at flood peak during Typhoon 
Morakot in 2009 (Wang et al., 2014; Wu et al., 
2014), causing the falling of 12 people and 6 vehi-
cles into the river; (3) damage to the embankment of 
the road between Shuili and Chichi by Typhoo Mo-
rakot-induced flood, resulting in 15 people and 7 ve-
hicles falling into the Choshui River in 2009; and (4) 
the Shuideliaw Embankment was broken over a 
length of 200 m by Monsoon 610-induced flood in 
2012 (with long flood peak duration= 60 
h)(https://www.youtube.com/watch?v=Qzfo-CH-
3Zo; Su and Lu, 2016). 
Sheppard et al. (2014) indicated that the existing 
equilibrium scour equations usually overpredict 
bridge scour depths for larger structures due to large-
scale effects and without accurate flow event dura-
tion information for the prediction in a natural river. 
In fact, real-time field riverbed scour data are stilling 
lacking due to difficulties in undertaking in situ 
measurements without appropriate and efficient 
monitoring technique being available at this time. 
Practically, it is expected that there are only limited 
flood events each year. 
Su and Lu (2013) found that an unusual, clock-
wise loop-rating curve (with discharge as abscissa) 
occurred due to the severe riverbed scouring during 
the process of high peak flow for a gravel-bed inter-
mittent river. In other words, the water surface level 
raises slowly, but the flow discharge increased rapid-
ly. The bridge closure based on the information ob-
tained from the self-recording water level gauge 
failed due to the distortion water level. The relation 
between riverbed scour and geomorphic conditions 
during a high-flood event is complex. Therefore, re-
al-time scour monitoring is essential to assess the 
mechanism of riverbed scour during floods. 
The existing scour monitoring methods have been 
presented in the literature (Hunt, 2009; Prendergast 
and Gavin , 2014), such as physical devices: sound-
ing rod (Lu et al, 2008), sliding magnetic collar 
(SMC, Lu et al, 2008); magnetic devices: smart rock 
(Chen et al., 2014); pulse or wave devices: 
ADP/ADCP, sonar (Hayden and Puleo, 2011), 
ground penetrating radar (GPR, Anderson et al., 
2007); electrical conductivity devices: time domain 
reflectometry (TDR, Yu and Yu., 2009); tilt sensor 
(Washer, 2010), fiber optic/ fiber bragg grating 
(FBG, Zarafshan et al., 2012), buried accelerometers 
(Gendaszek et al., 2013); float-out device: remote 
sensor (Briaud et al., 2011), wireless tracer (Yang 
and Su, 2015), etc. 
The main objective of this paper was to develop a 
suitable real-time scour monitoring technique for ex-
treme flood and scour conditions. The wireless tracer 
online GPRS system was proposed for the synchro-
nous measurements of general scour, bridge scour, 
toe scour and scour downstream of a GCS during ty-
phoon-induced floods in an intermittent river. For 
practical purpose, the float-out device method can be 
applied as a useful tool for field scour data collection 
and disaster warning during floods in natural rivers. 
2 SITE DESCRIPTION 
The Dachia River in central Taiwan was selected for 
the field study. The location map is shown in Figure 
2. The river source is in the Central Mountains and 
the seaward end flows into the Taiwan Strait. Its 
drainage area and river length are about 1,236 km2 
and 124 km, respectively. Taiwan is often subjected 
to typhoons from the Pacific Ocean in the rainy. 
The Dachia River is an intermittent river. For the 
water resource supply, the Shihkang Dam is located 
23.4 km upstream the river mouth. The field site is 
downstream of the Shihkang Dam in the lower 
Dachia River. It is a bimodal gravel-bed river reach 
with a steep bed slope S0= 1.1%, sediment median 
size D50= 96 mm and geometric standard deviation 
of sediment σg= 19.96. The scour potential of riv-
erbed is usually high for a flood with a high peak or 
long peak duration (Su and Lu, 2016). Bridge and 
levee failures frequently occur due to river incision 
caused by long-term general scour (Su and Lu, 
2016). 
 
Figure 2. Field site map for the Dachia River. 
3 METHOD 
3.1 Wireless tracer GPRS real-time scour 
monitoring system 
The complete wireless tracer real-time scour moni-
toring system consists of (1) a mover end and (2) a 
monitor end. 
(1) Mover end 
Wireless tracers are float-out devices and must be 
embedded vertically into the riverbed in a low flow. 
A washed-out wireless tracer during the flood-
scouring process is a mover end. Yang and Su 
(2015) developed the 1st version wireless tracer for 
real-time scour monitoring. It was based on a wire-
less communication principle. The self-designed cir-
cuit module of the 1st version wireless tracer had 4 
integer codes− 0, 1, 2, and 3. In current study, the 
self-designed circuit module of the 2nd version wire-
less tracer has been upgraded to handle 256 integer 
codes− 0 to 255 and was adopted to provide a more 
efficient and accurate application, as shown in Fig-
ure 3(a). The specifics of the device are listed below:  
− UHF band wireless data transceiver 
− RD232-H wireless module 925 MHz, 700 m~ 2 
km monitored range, 
− Self-designed handle 256 integer codes circuit 
module 
− Independent coded float-out device with a height 
12.5 cm, diameter 9 cm plastic floating column 
− General 9V battery with magnet/mercury boot-up 
control when the device has been scoured out 
from the riverbed 
The mercury boot-up control was trialled first as 
part of this study. 
(2) Monitor end 
The monitor end must be setup at the bridge or em-
bankment downstream of the embedded monitoring 
position. The monitor end used in Yang and Su 
(2015) was the RF receiver software executed in a 
IBM-compatible PC or notebook, linking a USB in-
terface wireless module. The received signals includ-
ing time, numbered code, received signal strength 
indicator (RSSI), and time duration from starting can 
been recorded automatically in a Microsoft Excel 
file. 
In the current study, an online GPRS real-time 
scour monitoring system has been developed for 
practical use, as shown in Figure 3(b). The RD232-H 
Com port wireless module was connected to the μP-
4500-TC65 M2M (machine to machine) mini-
programmable automation controller for signal mon-
itoring. A GPRS system can monitor several floating 
scoured-out wireless tracers for different riverbed 
measurement positions at a time during a flood. 
The GPRS system was installed first downstream 
of the Highway Bridge at the rising limb during 1st 
flood at 23:00 pm 5/26/2015. 
 
a b 
Figure 3. Wireless tracer GPRS real-time scour monitoring sys-
tem (a) the mover end; (b) the monitor end installed at the Ker-
chuang Embankment in current study. 
3.2 Field scour measurements setup 
The gravel-bed reach of the lower Dachia River was 
selected as the main study site. The reach extends 
from upstream of the Formosa Super Highway 
Bridge to downstream of the Highway Bridge. Fig-
ure 4 shows the field study site together with the 
monitoring positions set up to monitor bridge and 
longitudinal general scour, bend scour and toe scour 
and scour below the GCS during high flows over a 
period of time. 
The synchronous device setup for embedding 
numbered-bricks (length= 0.2 m, width= 0.1 m and 
height= 0.055 m) and wireless tracers (height= 0.15 
m and diameter= 0.09 m) into the observed reaches 
still was applied on the field works. The high-
efficiency laying technique (Su and Lu, 2013) is 
mainly based on devices consisting of a 5 m long 
hollow steel column and an 11 m long thin steel ca-
ble. At least two bricks must be used to weight the 
wireless tracer to counter buoyancy effect before 
souring out the riverbed. 
Figure 5 shows the procedure of laying wireless 
tracer float-out devices at the P2 bridge scour moni-
toring position. The procedures of laying devices for 
the main channel in an intermittent river are as fol-
lows: 
− Two excavators excavate a 5 m deep hole at the 
measurement position 
− Numbered bricks and coded wireless tracers are 
placed order into the hollow steel column; a 
wireless tracer protected by two vertical num-
bered bricks 
− 11 m long steel cable wrapped vertically around 
the steel column 
− The steel column is lifted up and lowered into the 
hole 
− The hole is infilled 
− The steel cable is removed 
− The hollow steel column is removed leaving the 
instruments inside the riverbed 
− Measurement positions located by transit survey 
In total, 50 coded wireless tracers with numbered 
bricks were embedded vertically into seven prepared 
measuring locations near the main channel along the 
longitudinal river reach in the direction of the flow. 
The vertical elevations of the embedded coded wire-
less tracers are shown in Figure 6. The cross-sections 
of the measurement positions P1 to P7 are shown in 
Figure 7. 
 
Figure 4. Schematic layout for wireless tracer GPPS real-time riverbed scour monitoring in the intermittent Dachia River in Taiwan. 
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Figure 5. Laying devices procedures for P2 bridge scour monitoring at the Formosa Super Highway Bridge. 
 
 
Figure 6. Vertical elevations of embedded coded wireless tracers for real-time riverbed scours monitoring. 
 
 
Figure 7. Cross-sections of measurement positions P1 to P7. 
4 RESULTS 
4.1 Long-term general scour 
Bed degradation after long-term general scour is of-
ten caused by human activities such as the construc-
tion of hydraulic structures or by natural events such 
as earthquakes or extreme flooding in a river. 
For example, Figure 8 shows the severe long-term 
general scour in the Dachia River in Taiwan. Be-
tween 1974 − 1993 the long-term general scour rate 
near the Houfeng Bridge 4.781 km downstream the 
Shihkang Dam (completed in 1977) was about 0.55 
m/y. Certainly, the long-term general scour had sig-
nificantly decreased after the riverbed degradation. 
The 1999 Earthquake (Richter magnitude 7.3) 
caused the uplifting of riverbed near the left-bank of 
Shihkang Dam by about 10 m (Hong et al., 2012). 
Between 1998 − 2013 the long-term general scour 
rate near the Houfeng Bridge was about 0.61 m/y. 
However, the Houfeng Bridge failure occurred dur-
ing the typhoon-induced flooding in 2008, caused by 
Typhoon Sinlaku (Hong et al., 2012). 
In addition, the corresponding long-term general 
scour rates of cross-section (CS) No.23, 454 m 
downstream of the Expressway No.1 Bridge (8.155 
km downstream of the Shihkang Dam) for this dam 
and GCS of the bridge were 0.44 m/y and 0.59 m/y, 
respectively. 
The river incision has increased observably both 
the long-term and short-term general scour rates due 
to the decreasing channel width during the floods in 
the intermittent Dachia River (B−→q+→(dgs)+). 
Therefore, it is important to develop an effective 
real-time scour monitoring system to enable the ex-
treme potential of the riverbed scour to be measured 
at the field site. 
 
 
Figure 8. Long-term general scour caused by human activities 
and natural events for the Dachia River. 
4.2 Flood events 
The Highway Bridge is about 18 km downstream of 
the Shihkang Dam. The time of the peak flood at the 
study site occurs about 50 min at our file site after 
that at the peak flood occurs at the Shihkang Dam. In 
addition, there are no small tributaries flowing into 
this section of the river. The flow discharge hydro-
graph downstream of the Shihkang Dam was applied 
at our field site. 
Table 1 lists the four flood events that occurred in 
the rainy seasons in the intermittent Dachia River 
during 2015. The maximum flood peak (Qp) was 
smaller than the dominant discharge Q2. The flood 
peak durations (tp) were short for those floods. 
Therefore, the riverbed scoured slightly during the 
rainy season. 
The flood flowed through the Formosa Super 
Highway Bridge and divided mainly into left and 
right currents. All sub-currents converged into single 
main channel near the Highway Bridge. 
 
Table 1. Flood events for the Dachia River in 2015. 
 
Flood events down-
stream Shihkang 
Dam 
Time of peak flow Flood peak 
Qp (m3/s) 
flood peak du-
ration 
tp (hr) 
Monsoon 520 1:00 am 5/27 801 6 
Monsoon 624 19:00 pm 6/24 877 2 
Typhoon Soudelor 19:00 pm 8/8 683 3 
Typhoon Dujuan 7:00 am 9/29 1,858 9 
Note: dominant discharge Q2= 2,200 (m3/s), Q5= 3,800 (m3/s) for the lower 
Dachia River 
4.3 Wireless tracer GPRS real-time scour 
monitoring 
The scoured riverbed elevation (corresponding Fig-
ure 6) and scour depth (riverbed surface level known 
before a flood) can be measured directly in the field 
and obtained on an online computer in an office or 
internet website from the GPRS system in real-time. 
The wireless tracers were monitored using the 
online GPRS system during Monsoon 520 and Ty-
phoon Dujuan-induced floods. A summary of the re-
sults is given below: 
(1) Monsoon 520 
Figure 9 shows the flow discharge hydrograph and 
the result of real-time scour monitoring during Mon-
soon 520-induced flood. Figures 10(a), (b) and (c) 
present the photgraphs of the flow condition around 
monitoring point P2 near the Formosa Super High-
way Bridge at peak flood. 
As shown in Figures 9, 11 and Table 2, the wire-
less tracer #19 was scoured out from P2 measure-
ment position and was monitored by the online 
GPRS system, i.e. indicating that the real-time 
bridge total scouring depth dbs(P2)= 0.53 m. Table 2 
presents the monitoring information, including date, 
time, RSSI, and duration from boot-up. The mercury 
boot-up control was tested first, so the duration from 
boot-up was only short time. 
A float-out device can obtain directly the correct 
scouring riverbed level (embedded top elevation in 
the riverbed) once when it is scoured out during a 
flood. The approximately continuous readings of bed 
level can be reached by the installation of more wire-
less tracers in a vertical in advance. 
Figure 12 shows the field observation photos after 
recession. The left-current near the bridge flowed 
forward bend. As shown in Table 3, the results of 
deposited height during falling were 0 for P1, P2, 
and P3 measurement positions, then the maximum 
depths using by numbered-brick method were found 
as dgs(P1)= 0.840 m, dbs(P2)= 0.785 m, and dgs(P3)= 
0.475 m, respectively. 
Several scoured wireless tracers were not moni-
tored during this flood. It might be caused by being 
too late to install the GPRS system in the field site. 
 
Figure 9. Flow discharge hydrograph and result of real-time 
scour monitoring during Monsoon 520-induced flood. 
 
a  
b  
c  
 
Figure 10. Flow condition near flood peak during Monsoon 
520-induced flood: (a) upstream; (b) bridge piers; and (c) 
downstream of the Formosa Super Highway Bridge, photos by 
author at 01:45 am May 27, 2015. 
P2 P3 
P1 
 
 
Figure 11. Result of GPRS real-time scour monitoring during 
Monsoon 520-induced flood. 
 
Table 2. GPRS system monitored information during Monsoon 
520-induced flood. 
 
date time*  wireless tracer 
coded No. 
RSSI Duration from 
boot-up (sec) 
2015/5/27 02:06:59 19 99 9 
2015/5/27 02:07:01 19 94 11 
Note: * time on GPRS system was delayed about 37 min 31 sec. 
(2) Typhoon Dujuan 
Table 4 shows the variations of riverbed elevation 
for all measurement positions before Typhoon 
Dujuan. Figure 13 shows the flow discharge and re-
al-time scour monitoring during Typhoon Dujuan-
induced flood, i.e. the maximum flood peak in 2015. 
The wireless tracers embedded at P1, P2, P3 (near 
the Formosa Super Highway Bridge), and P6 (down-
stream of GCS at the Highway Bridge) measurement 
positions were monitored immediately after being 
scoured out during the flood. 
Figure 13 shows the flow discharge hydrograph 
and real-time scour monitoring during Typhoon 
Dujuan-induced flood. As shown in Figure 13, most 
riverbed scouring occurred at the rising limb. How-
ever, the wireless tracer #44 (P6) was monitored at 
the falling limb, indicating the riverbed downstream 
of GCS was still scoured due to the limited sediment 
supply from the upstream reach. Figure 14 shows the 
comparison of the approach flow depth at the 
GCS/bridge and scour downstream of the GCS (P6 
measurement position) at the Highway Bridge. The 
real-time scour depth for wireless tracers #45 and 
#44 were 0.165 m and 1.19 m during this flood, re-
spectively. 
 
a  
b  
c
 
Figure 12. Field observations after recession (a) P1, (b) P2, (c) 
P3 measurement positions. 
 
 
 
Table 3. Comparison of maximum scour measured by numbered-brick column and wireless tracer GPPS real-time riverbed scour 
monitoring at the Formosa Super Highway Bridge during Monsoon 520-induced flood. 
 
Measurement 
position 
(scour type) 
Location 
Flood event 
(time of Qp) 
Flood peak 
discharge 
Qp (m
3/s) 
Flood peak 
duration 
(tp) 
(1) (2) (3)=(2)-(1) (4) (5)=(1)-(4) (6)=(2)-(5) a GPRS real-time scour monitoring 
Note         
N 
(m) 
E 
(m) 
Preflood riverbed 
level (top level of 
numbered-brick) 
(m) 
Riverbed 
level after 
flood 
(m) 
Difference of riv-
erbed level before 
and after flood (m) 
Maximum 
scour depth 
dgs, dbs (m) 
Riverbed level 
for maximum 
scour depth 
H(dgs), H(dbs) 
(m) 
Deposited height 
during falling 
limb(m) 
Monitored 
 time 
Coed wireless 
tracer 
(7)(level of its 
upper Brick m) 
(8)=(1)-(7) 
Scouring 
depth  
(m) 
P1 
(general 
scour) 
2689695.943 211316.555 
Monsoon 
520 
(1:50 am, 
2015/5/27) 
801 
(6 h) 
72.99 
(Brick No.64) 72.15 -0.840 
0.840 
dgs 
72.15 
(Brick 
No.52) 
0 − − − 
d#10 & #9 
not moni-
tored 
P2 
(bridge 
scour) 
2689738.213 211213.073 69.49 (Brick No.64) 68.71 -0.785 
c0.785 
dbs 
c68.71 
(Brick 
No.53) 
0 
b02:43:
30 
#19 
(Brick 
No.57, El.= 
68.96) 
0.53 
d#20 not 
monitored 
P3 
(general 
scour) 
2689764.963 211152.107 68.66 (Brick No.64) 68.19 -0.475 
0.475 
dgs 
68.19 
(Brick 
No.57) 
0 − − − 
d#30 not 
monitored 
Note：a GPRS system installed at downstream of left bank of the Highway Bridge；b flood peak at 1:00 am for Shihkang Dam, distance= 18 km, flood peak delay 
about 50 min; c if continuous wireless tracers installation, maximum scour can be monitored by real-time scour monitoring; d wireless tracer scoured out before 
the operation of GPRS system (installed well at 23:00 pm May 26, 2015). 
 
No.29 
wireless 
tracer 
P1 
P2 
P3 
Figure 15 shows the signal strength indicator 
(RSSI) from wireless tracer #17 monitored by the 
GPRS monitoring system. As shown in this figure, 
the maximum RSSI indicates that the distance be-
tween the mover end (wireless tracer #17) and moni-
tor end (GPRS system) was almost shortest. Accord-
ingly, the received RSSI data of a floating wireless 
tracer by both monitor ends can be further used to 
compute the mean water surface velocity along the 
flow. 
The mercury boot-up control of power supply was 
first tested to be used for the wireless tracers in the 
field site. Thus, the researcher can easily embed 
float-out devices into riverbed. However, the signals 
of the mover end might be unexpectedly unstable 
under an extremely turbulent flow. Therefore, sever-
al scoured wireless tracers were not monitored dur-
ing this flood. The magnet boot-up control should be 
more suitable for the wireless tracer because it ena-
bles to keep on power supply after booting up by es-
caping the magnet (Yang & Su, 2015). 
 
Table 4. Variations of riverbed elevation for all measurement 
positions. 
 
Measurement 
position 
Riverbed elevation (m) Variations 
(m) 3/11 (before monsoon) 7/23 (after monsoon) 
P7 51.54 51.96 0.42  
P6 51.81 52.20 0.39  
P5 52.32 52.63 0.31  
P4 57.28 56.40 -0.88  
P3 68.66 68.16 -0.50  
P2 69.49 68.62 -0.87  
P1 72.99 72.13 -0.86  
 
Figure 13. Flow discharge hydrograph and result of real-time 
scour monitoring during Typhoon Dujuan-induced flood. 
 
 
Figure 14. Comparison of approach flow depth at GCS and 
scour downstream of GCS around P6 measurement position 
during Typhoon Dujuan-induced flood. 
 
 
Figure 15. Monitored RSSI of Wireless tracer #17 (embedded 
at P2). 
 
The scoured flow depth can also be monitored 
synchronously using a real-time water surface level 
gauge for a bridge or embankment. The price of a 
single float-out device of a wireless tracer can be re-
duced through bulk purchasing of wireless module 
modems at a time. The maximum riverbed scour 
depth during a flood can be monitored by embedding 
continuous wireless tracers (resolution about 0.1 m) 
vertically into the riverbed. 
 
5 CONCLUSIONS 
Bridge and levee failures often caused by extreme 
short-time riverbed scouring events during monsoon- 
or typhoon-induced floods in incised reaches after 
the long-term general scour/bed degradation in in-
termittent rivers in Taiwan. A wireless tracer GPRS 
real-time scour monitoring system developed in cur-
rent study has monitored successfully general scour, 
bridge scour, bend scour, and scour downstream of 
GCS in the lower Dachia River during flood events 
in 2015. 
The results indicate that the proposed method can 
be used as a potential tool for practical applications 
such as monitoring bridge and embankment perfor-
mance, particularly during typhoon-induced flood 
events and provide early warning of failure risk. In 
future, it is expected that the scouring mechanism 
around the hydraulic structures in intermittent rivers 
in Taiwan can be thoroughly investigated. Moreover, 
the real-time dynamic scouring processes will pro-
vide valuable information for assessing sediment 
transport, the improvement of the hydraulic structure 
designs and the application of the landslide or debris 
flow warning system. 
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